organisms. Yet it also seems impossible to give up using common universal terms. Instead, the metaphysical question "what the thing really is?" could be omitted, and substituted with: "what should you do to find this thing in nature?". In other words, real definitions could be substituted with operational definitions.
This somewhat pragmatic attitude is justified not only by the fact that the language of science (and therefore ecology) should be technical rather than philosophical. It also corresponds to the great recent progress of molecular techniques, providing us with a useful tool to operate on studied objects. The forthcoming part of this paper intends to show how molecular tools can be applied to dealing with terminological problems regarding fungi, a group of organisms with a very complex and unusual biology.
Species definition within fungi
The history of species concepts resembles various attitudes naturalists had towards this subject, and also more general changes in mentality. These concepts are often grouped in categories as follows: morphological, biological and phylogenetic (Taylor et al. 2000) . Each of them uses different criteria for recognizing species. Mayden, however, proposed another grouping, dividing species concepts into theoretical and operational (Mayden 1997) . Those mentioned above would all fall into operational concepts, as they all focus on the way of finding rather than defining species. One truly theoretical concept would be Wiley's evolutionary species concept, as it describes species as "(…) a single lineage of ancestor-descendant populations which maintains its identity from other such lineages and which has its own evolutionary tendencies and historical fate" (Wiley 1978) . Contemporary researchers would probably agree with this theory, however it leaves them with no applicable criteria. Usually it becomes a matter of individual practice, which of the operational concepts should one use when working with specific group of organisms (Taylor et al. 2000) . It should be stressed here, that in fact, as de Queiroz (2007) pointed out, it is not the concept of species, of what a species really is, that is so controversial. Researchers generally agree that a species is a distinctly evolving metapopulation lineage (de Quierez 2007) . It is the delimitation of this lineage that is unclear, and there are different ways of doing it. But when it comes to fungi, each of these concepts has its difficulties (Tab. 1), and applying one may give different results than applying another.
Recognizing species using morphological (developmental, biochemical etc.) characters is the most common practice today. It also has a long history, as it is the way people commonly group objects into categories: with characters they can observe. It is a result of typological thinking, present in common knowledge and in science starting from the first, pre-Linnaean taxonomists. Applying it to fungi meets many obstacles, the main one being their great intraspecific morphological variation, up to pleomorphic life cycles. With new facts becoming known about anamorph -teleomorph connections, it is frequently shown, that asexual fungi described as two different species turn out to be merely life stages of one fungus, genetically identical (Hawksworth 2004) . Furthermore, some anamorphic genera described using morphological characters may turn out to contain species that are in fact representatives of different teleomorphic genera or even families. Graphium putredinis (Corda) S. Hughes, for example, is the anamorph of Petriella sp. While Graphium calicioides (Fr.) Cooke and Massee revealed to be the anamorph of Chaetosphaeria sp. (Okada et al. 1998 ). Resolving the problem described above is not be possible without the use of molecular techniques.
Biological concept, in its most commonly known version expressed by Mayr, who described species as "(...) groups of actually or potentially interbreeding natural populations which are reproductively isolated from other such groups" (Mayr 1940) , uses the criterion of mating as a sign of potential genetical continuity. It is also hardly applicable to fungi, with 20% of species without known (Taylor et al. 2000) . What is more, in fungi mating does not necessarily mean interaction between different individuals (heterothallic mating), as some species are self-mating (homothallic). Meiospores are therefore produced clonally. Also, recombination can occur without mating, due to parasexual processes (self-recombination). As a result, the distinctions between clonal reproduction and recombination does not correspond to the distinction between mitotic and meiotic reproduction, as in other groups of organisms (Taylor et al. 1999) . The phylogenetic concept is based on the criterion of monophyly, which can be recognized by examining molecular, but also morphological characters (Hennig 1965) . Taxa are monophyletic when they share common evolutionary history, therefore it seems that phylogenetic concept brings us as close as we can get to evolutionary species. However, certain assumptions regarding the course of evolution need to be made in order to apply this concept. As differences in nucleotide sequence appear to come before differences in morphology and mating compatibility (in most cases), they seem to resemble the essence of what a species actually is (Taylor et al. 2000) . This can be misleading and make us misinterpret the observed changes in DNA sequence, as our knowledge about the relation between genotype and expressed phenotype is still very modest. Still, when it goes to recognizing species of fungi in nature, phylogenetic concept gives best results out of all the aforementioned; phylogenetic methods helped to resolve relationships in many systematic groups (Okada et al. 1998) , not only fungal (Paszko 2002) .
Phylogenetic methods are, however, often criticized for using arbitrary criteria of species delimitation. How can we tell what is a species taxon, and what is a reproductive community (Rieseberg et al. 2006 )? Because of the frequent horizontal gene transfer it is difficult to decide what is the real unit of evolution (see Slot & Hibbett 2007) . Using molecular markers can meet some methodological problems. The idea is that we trace polymorphism in a gene, assuming that evolution of this gene is concordant with the evolution of the species, and individuals of one species share the same polymorphism (Baldauf 2003) . But what if the locus used as a marker is polymorphic within species? What if two species share polymorphism in this locus? What if the locus is a subject to balancing selection? The risk of those situations leading to overlooking or creating unnecessary species can be reduced to minimum by using several polymorphic loci. It is also recommended to use neutral loci, so that the rate of changes in sequence reflects time, and not some kind of selection. This method is referred to as Genealogical Concordance Phylgenetic Species Recognition (GCPSR; Taylor et al. 2000) . It is based on creating genealogies for several genes, and then combining them into one genealogical tree. Some genealogies can be in conflict due to recombination among individuals within one species, but there should be concordant branches in now phylogenetic tree. This is a result of fixed genetic isolation of a species. Therefore, concordant branch indicates species, whereas inconcordant branches show intraspecific variation. So far, in fungi, this method had produced results more reliable than morphological and biological methods of recognizing species (Taylor et al. 2000) .
It is, however, worth noting that analysis of tree topology does not always give clear results. Sometimes trees calculated using different methods, or different loci, can vary significantly in topology. Some taxa can change their position among others, and fall within different groups from tree to tree. In such case, which method should be trusted? The usual solution is choosing a "better" gene, that reflects evolutionary relationships in the group correctly. How we make the choice remains arbitrary though. The criterion of concordance with previous studies of morphology and individual observations of the researcher seems to be in common use (Baldauf 2003) . It makes choosing a tree more an art than a science.
Taxonomy certainly owes a great deal to genetic methods, especially with regard to "difficult" groups with cryptic species, hard to resolve relationships etc. (for example see Sung et al. 2007) , it has to be said though that those methods alone cannot be treated as a sufficient tool for taxonomy. A combination of phenotypic, ecological and molecular data should be used together with the knowledge about the group of interest and intuition of the researcher (Okada et al. 1998) . One should also keep in mind that speciation is a dynamic process; species arise, "live" their history, split, hybridize and go extinct all the time (Cracraft 1992). A taxonomist needs to set species boundaries carefully to give as much relevant information as possible about specific biological entity. Even though the very need for species delimitation in ecology can be questioned, there is still a need for operational, recognizable units ( 
Individual definition in fungal populations
Other problematic definitions are "population" and "individual". The classical ecology textbooks define population as a group of individuals belonging to the same species and occupying common territory (Odum 1982) . With reference to fungi this definition is not precise enough. As it has already been pointed out, even the mere concept of species is not well defined. What is more, the definition of an individual is also not clear in case of fungi. Even if there is nothing new in the statement that fruitbodies are integral part of underground mycelium, for years in fungal populations studies each of them has been treated as individual (Bujakiewicz 1992) . As shown in figure 1, it is hard to know if four carpophores belong to the same hypha or to two, three or even four different hyphal systems. Treating each fruitbody as individual seems to be very questionable. For example, it is easy to imagine one human being hidden behind the curtain with two hands poked out. While looking at those hands, it is hard to tell if there are two individuals or if they belong to one person. There are some differences between two hands of a single person, nevertheless we all agree they are organs of the same individual. In this case it is easy to check if those hands belonged to one person, as it is enough to draw back the curtains. In case of fungal carpophores situation is much more complicated. Usually there are lots of hyphal systems hidden underground, and even after shoving away the soil it is not be possible to distinguish which carpophores arise from the same mycelium. Until today there is no general guideline to how the group of carpophores should be treated, while it is clear that the analysis of the structure and functioning of population cannot be done before the clear definition of individual and population is set.
According to definition given by Santelices (1999) , an individual is a being derived from one cell. Such biological individual can be described by three main features: 1 -genetic uniqueness, 2 -genetic homogeneity and 3 -autonomy (Santelices 1999) . Therefore, two new terms recently appeared in population ecology: genet and ramet. The ramet is differentiated on the basis of phenotypic (morphological and physiological) features while the genet is usually defined as the genetic individual that develops from the zygote and that produces ramets vegetatively (Harper & White 1974; Scrosati 2002 ). This way the individuals belonging to one genet should have identical genotype (Koide et al. 2007 ). As clones, they represent genetic uniqueness and homogeneity (Santelices 1999) . However, somatic, spontaneous mutations rates are 
Genets identification using molecular techniques
The easiest approximation of genomes similarity is achieved through sequencing of some chosen genome fragments. This method is often called single nucleotide polymorphism detection. SNP is literally single base pair variation, outside of coding sequence. SNPs exist all over the genome and they are much more common than Single Tandem Repeats (STR) which are further described. The method of SNPs detection consists of sequencing and comparing amplified fragments of DNA from the examined carpophores. Of course, there is a strong probability that differences between genomes could occur in different parts to those which are being amplified. Therefore, the more fragments are sequenced, the more reliable the between 10 -4 and 10 -6 mutations per gene per generation (Hartl & Jones 2005) . The second problem of the definition given above is that only the zygote can be considered as the initial cell of genet (Scrosati 2002) . This point of view is strongly questionable taking into account that we do not know the sexual reproduction in many fungal lineages. Thus the updated definition of genet defines it as "the free-living individual that develops from one original zygote, parthenogenetic gamete, or spore and that produces ramets vegetatively during growth" (Scrosati 2002) .
Hence, two carpophores of the same mycelium certainly cannot be treated as "the free living individuals". However, as it was mentioned above, in the case of fruitbodies it is hard to guess if they belong to one or to several different mycelia. Thus the only way to delimit genets is to reveal if the analyzed fruit-bodies have originated from one or several different initial cells. The more their genotypes are similar, the more it is possible that they are one individual (Guidot et al. 2001) . At this point another methodical problem appears. In order to compare two genotypes, their complete sequences are required. Even though it is possible to achieve using contemporary molecular techniques, it (Mueller & Wolfenbarger 1999) . As amplifying sequences is cheaper than their sequencing, there is a possibility of comparing more fragments. In order to increase the credibility of this comparison, we can combine this method with, for example, random amplified polymorphic DNA (RAPD). This technique is based on using short primers, which allow to amplify specific random fragments of the genome. The comparison of their length supplies us with additional information about genomes' similarity (Williams et al. 1990 ). Unfortunately, high molecular weight of DNA is required and numerous precautions are needed to avoid contamination of DNA. Even highly standardized experimental procedures are sensitive to reaction conditions. Due to those disadvantages RAPD is currently rarely used (Freeland 2005) . Another method relying on fragment length polymorphism is simple sequence repeats (or Single Tandem Repeats; STR). The so-called microsatelites are very common fragments of DNA which consist of tandem repetition of some simple motif. The differences in number of motif's repetition, visible in length of fragment, reveal differences between chosen genets (Tagou & Moussard 2003) . It is worth noting that, apart from the amplification of fragments, there also exists a number of other approaches to genomes comparison.
The restriction fragment length polymorphism is one of such techniques. When the restriction enzymes recognize the sequence specific for them, they cut the DNA in this place. Therefore electrophoretic comparison of length of digested DNA fragments can reveal sequence differences. Furthermore, using several different enzymes increases the credibility of such research (Freeland 2005) .
The main problem with all methods based on amplified products' length comparison is their limitation to the size of the given fragment. Classical electrophoretic methods allow us to compare only those fragments, which are composed of 100 up to 50'000 nucleotides. Products which are bigger cannot be separated (Tagou & Moussard 2003) . The pulse field gel electrophoresis described in 1985 by Carle and Olson allows to separate fragments of even 10'000'000 nucleotides, and it makes it possible to compare the whole chromosomes. The principle of this technique relies on using two shifted electric fields. The speed of reorientation of differently sized molecules is, of course, visible. The bigger molecules change direction of separation slower than the smaller ones (Schwartz & Cantor 1984) .
Finally, the secondary conformation of DNA fragments also depends on their nucleotide sequence, and the last group of genome polymorphism detection methods relies on revealing conformation changes. One of such techniques is denaturing gel gradient electrophoresis (DGGE). It is a very accurate method which allows to detect change even in a single nucleotide. The basis of DGGE is separation of DNA amplified fragments in agarose gel with increasing concentration of denaturating agent. It can be chemical agent or temperature (temperature gel gradient electrophoresis). When a molecule, moving through the gel, reaches the concentration of denaturating agent which is sufficient to their DNA strands separation, it stops. Even one nucleotide change is enough to influence the concentration of denaturating agent required for strands separation (Muyzer et al. 1993) . Another technique based on conformation polymorphism detection is single strand conformation polymorphism. Single strand conformation depends strongly on nucleotide sequence, so each change in DNA sequence can influence its spatial conformation. This method relies on heating the DNA fragment in order to cause its denaturation. After that, the single strands are separated in acrylamide gel. Thus, if there had been differences in DNA sequences which influenced the single strand conformation, it would be possible to observe it on gel electrophoresis (Tagou & Moussard 2003) .
As it has been shown, there are several methods which allow us to detect differences between genomes. Of course, a combination of different techniques increases the accuracy of results, but we have to remember that only the whole genome sequence can give exact information about genets' identity. Maybe one day the sequencing of whole genomes will become cheap enough to be used for identification of fungal individuals. On the other hand it is worth knowing that current opinions on fungal genetics bring clear species and individual definitions into question. In some fungal groups horizontal interspecific gene transfer by cell fusion can be observed (Kellner et al. 1993 ). This phenomenon proves that each operational definition of the above mentioned terms is merely an approximation of the reality which it seeks to describe.
In conclusion, the genet definition seems to be the best term redefining fungal individuals at the moment. Unfortunately, even though there are many molecular techniques enabling genome polymorphism detection, they provide us with a mere approximation of sought differences.
